Background: Higher birth weight is associated with higher body mass index, traditionally interpreted as greater fatness or obesity, in later life. However, its relation with individual body-composition components and fat distribution remains unclear. Objective: We investigated associations between birth weight and later fat mass (FM), fat-free mass (FFM), and fat distribution. ) and were expressed as SD scores (SDS). Findings were compared between the 4-component and simpler methods. Results: Birth weight was positively associated with height in both sexes and was significantly positively associated with FFMI in boys, equivalent to a 0.18 SDS (95% CI: 0.04, 0.32) increase in FFMI per 1 SDS increase in birth weight. These associations were independent of puberty, physical activity, social class, ethnicity, and parental body mass index. Birth weight was not significantly related to percentage fat, FMI, or trunk FMI in either sex. Equivalent analyses using simpler methods showed a trend for a positive relation between birth weight and FMI in boys that became nonsignificant after adjusting for confounders. Conclusions: FFMI in later life in males is influenced by birth weight, a proxy for prenatal growth, but evidence for fetal programming of later FM or central adiposity is weak. Different bodycomposition techniques and data interpretation can influence results and should be considered when comparing studies.
INTRODUCTION
Research on the long-term effects of growth patterns in early life on later health, including obesity and cardiovascular disease, has increased rapidly during the past 15 y, with publications from both developed and developing countries. The term programming has been proposed for the concept that experience during early life is predictive of later health outcomes (1) . Low birth weight has been linked to type 2 diabetes, cardiovascular disease, and the metabolic syndrome later in life (2) (3) (4) (5) (6) . However, an extensive systematic review has shown that there is a positive association between birth weight and later body mass index (BMI) and hence, obesity, with each kilogram increase in birth weight typically increasing adult BMI by 0.5-0.7 kg/m 2 (7) . Although a higher BMI is traditionally interpreted as indicating greater fatness, it also reflects lean mass or FFM, and the limitations of BMI as an index of adiposity are increasingly appreciated. For instance, individual children of the same age and sex can have a 2-fold range of fat mass (FM) for a given BMI (8) . Moreover, BMI also fails to reflect body fat distribution, which might be more important for development of the metabolic syndrome.
More recently, several studies have explored the relation between birth weight and later body composition. These studies differ in the age range, body-composition measurement techniques, and statistical approaches for analyzing body-composition data. However, several studies have shown consistent results in demonstrating positive associations between birth weight and later fat-free mass (FFM) in prepubertal children (9 -11) , adolescents (12, 13) , and adults (14 -16) . In contrast, they have been much less consistent for FM and fat distribution, with studies variously reporting negative (4, 14 -17) , positive (10, 13) or nonsignificant associations with birth weight (9, 12) . The inconsistency may partly reflect different bodycomposition data interpretation and measurement techniques. For example, most studies only used anthropometry or relied on a simple body-composition measurement such as bioelectrical impedance analysis. Only one recent study (17) used a reference method such as the four-component (4C) model to explore this issue despite the fact that body composition may play an important role in the programming of later disease risk, either itself being programmed by early growth or by being a mediator of the programming process. For example, Singhal et al (12) proposed the hypothesis that low birth weight might increase later disease risk by programming a smaller proportion of lean mass later in life, whereas other authors have suggested that low birth weight might program a tendency for central fat deposition (13, 16) .
The primary aim of our study was to explore the relation between birth weight and later body composition by using the criterion 4C model in a population of UK children and adolescents. A secondary aim was to compare the results with those obtained with simpler models as well as highlighting important issues in the expression of body-composition data.
SUBJECTS AND METHODS
Healthy, term-born children and adolescents aged 4 -20 y were recruited for a body-composition reference study with use of the 4C model at the Institute of Child Health and Great Ormond Street Hospital, London, United Kingdom. Recruitment was undertaken through advertisements in schools and sport clubs, the intranet, local newspapers, and word of mouth. The studied population was based in greater London and Cambridgeshire. All children were born full-term, were singletons, and did not have any known medical condition likely to affect growth or body composition. Ethical permission was obtained from the Research Ethics Committee of the Institute of Child Health and Great Ormond Street Hospital. Written informed consent was obtained from parents or from subjects older than 16 y, with written assent from children aged 11-15 y and verbal assent from the younger children.
Birth weight and gestational age data were collected from parental recall and were verified from the parent-held baby book where available (59.8%). There was no significant difference between parental recall and the baby book record for birth weight (mean difference Ҁ0.002 kg; 95% CI Ҁ0.014, 0.010). Birth weight SDS was calculated according to gestation and sex by using the British 1990 reference (18) .
Measurement of body composition with the fourcomponent model
The 4C model divides the body into fat, water, protein, and mineral as described previously (19, 20) . It minimizes the assumptions made in the 2C model by directly evaluating several presumed constant relations (eg, hydration, density, and bone mineral content of FFM) that are fundamental to the 2C model. It has been accepted as the most robust technique for detecting interindividual variability in the composition of FFM and for showing consistent accuracy across a range of body fat (21) . It might be assumed that combining several raw errors would result in poor precision for multicomponent values for body composition. However, this is not the case, as we discussed in detail previously (20) . Thus, the 4C model, when using body volume measurements from the Bod Pod air-displacement plethysmograph (Life Measurement Inc, Concord, CA), has the best precision of all techniques and therefore is least likely to generate findings as an artifact of measurement error. This is because each individual error applies only to the component of weight that a given technique measures; hence, their sum remains small. We further discussed the effect of body size on this error and showed that the 4C model has precision of 0.22 kg in a child and 0.30 kg in an adult.
The various assumed densities of the 4 components were taken into account when calculating FM from the basic measurements.
Where BV is body volume in L (from air-displacement plethysmography), TBW is total body water in L (from deuterium dilution), BMC is total-body bone mineral content in kg [from dualenergy X-ray absorptiometry (DXA)], and BW is body weight in kg.
FFM was then calculated as the difference between body weight and FM. To calculate the 4C model, measurements were obtained by using the following methods:
Air-displacement plethysmography
Whole-body air-displacement plethysmography was performed by using the Bod Pod body-composition system (Life Measurement Inc) with the subject wearing a tight-fitting swimming costume and a swimming cap. The machine provides raw body volume (L) for each subject from the difference between the volumes of air in this chamber, with and without the subject being present. Actual body volume was obtained after correction for thoracic gas volume and the surface area artifact by using the appropriate prediction equation for children from age, sex, weight, and height as described previously (22) .
Deuterium dilution
Total body water was determined by 2 H-labeled water dilution with a dose equivalent to 0.05 g of 2 H 2 O (99.9%) per kg body weight. Saliva samples were obtained before and 4 h after dosing by use of absorbent salivettes at least 30 min after the last ingestion of food or drink, stored frozen at Ҁ30°C, and then analyzed in duplicate using the equilibration method (23) and isotope-ratio mass spectrometry (Delta plus XP, Thermofisher Scientific, Bremen, Germany). For calculating total body water, it was assumed that the 2 H 2 O dilution space overestimated total body water by a factor of 1.044 (24) . Correction was made for dilution of the dose by water intake during the 4-h equilibration period.
Dual-energy X-ray absorptiometry
Bone mineral content, FM, and FFM were determined by using a GE Lunar Prodigy whole-body scanner (GE Medical Systems, Madison, WI) in conjunction with Encore 2002 software. The instrument automatically alters scan depth depending on the thickness of the subject, as estimated from age, height, and weight. A whole-body scan was performed while the subjects were wearing light indoor clothing and no removable metal objects. The typical scan duration was 5-10 min, depending on the subject's height. The radiation exposure per whole body scan was estimated to be 2.2 Sv, which is lower than the daily background radiation in the United Kingdom. All scans were performed and analyzed by one operator. The CVs (%) for a Lunar DPX-L instrument (regarded by the manufacturers to be similar to the Lunar Prodigy) have been reported as 1.10%, 2.0%, and 1.11% for total-body bone mineral content, FM, and lean mass, respectively (25) . Regional measurements (arm, leg, and trunk) were marginally less precise than total body measurements, with CVs in the range of from 1% to 3%.
Because of its limitations in measuring soft tissue composition (26, 27) , only total-body bone mineral content was used as a part of the 4-component model. However, for regional body composition, DXA is still a practical tool when compared with gold standards such as magnetic resonance imaging and computed tomography, which are more complicated, expensive, and, in the case of computed tomography, involve more radiation exposure. Therefore, DXA-derived trunk and limb composition were also used in some analyses.
Anthropometry
Body weight was measured with electronic scales to the nearest 0.01 kg, and height was measured to the nearest 0.1 cm with BIRTH WEIGHT AND LATER BODY COMPOSITION a wall-mounted stadiometer (Holtain, Dyfed, United Kingdom). BMI was calculated as weight (kg) divided by the square of height (m 2 ). Waist circumference was measured at the natural waist site (28) with a nonstretchable, fiberglass insertion tape to the nearest 0.1 cm. All measurements were undertaken by 1 of the 4 trained investigators.
Confounding variables
Factors that might confound the relation between birth weight and body composition were assessed by using a structured questionnaire. Pubertal status was self-assessed with the use of pictures of the Tanner stages for pubic hair and breast (female) or genital (male) development and was coded as prepubertal (Tanner stage 1), early pubertal (Tanner stages 2 and 3), or late pubertal (Tanner stages 4 and 5). A simple parental assessment of the subjects' physical activity level relative to their peers was made by use of a 5-point scale ranging from much less active than peers, less active than peers, same as peers, more active than peers, and much more active than peers. Social class was assessed by using the Standard Occupational Classification (29) and was classified as class 1 (high), 2, 3 or ͧ4. Ethnicity was coded as white or nonwhite, because in this dataset there were too few subjects for more detailed analyses of the nonwhite group. Reported parental height and weight were used to calculate parental BMI.
Statistical methods
SD scores (SDS) were derived for weight, height, and BMI by using the 1990 British reference (30, 31) and were calculated by use of the lmsGrowth program (copyright 2002-2005, Medical Research Council, London, United Kingdom). Waist circumference was converted to SDS by using a nationally representative sample of UK children in 1988 (28) and was calculated by use of the lmsGrowth program. One-sample t tests were used to compare the SDS of the study population with reference data.
We adjusted all body-composition variables by height squared to adjust for body size in a way comparable to that used for BMI (32) . Total and regional FM index (FMI, FM/height 2 ) and FFM index (FFMI, FFM/height 2 ) were then calculated. The bodycomposition variables were converted to age-and sex-specific SDS by using our own reference database of 449 subjects aged 4 -23 y (204 boys) from an ongoing body-composition reference study (33) . The SDS were calculated by using the LMS method (34) and the lmsChartMaker program (Copyright 1997-2005, Medical Research Council). This method also allows direct comparison of the effect size of early growth on later FM or FFM because they are both in SDS, thus avoiding the problem of unequal variance between different body-composition variables.
The association between birth weight and later body composition was explored by using multiple regression models. Bodycomposition outcomes were regressed on birth weight SDS with adjustment for other confounders. Alternatively, birth weight SDS were divided into quartiles and the adjusted mean of bodycomposition outcomes for each birth weight SDS quartile were analyzed by general linear models. General linear models were also used to test the interactions between birth weight SDS and sex or pubertal status in predicting later body composition. All analyses were performed by using SPSS version 13 (SPSS Inc, Chicago).
RESULTS

Characteristics of the study subjects
Descriptive statistics of the subjects (age range: 4.2-20.2 y) are summarized in Table 1 . Mean (ȀSD) gestational age was 40.1 Ȁ 1.4 wk (range: 36 -43 wk), and mean birth weight was 3.47 Ȁ 0.51 kg (range: 2.01-5.08 kg), with no statistically significant difference in gestational age or birth weight between boys and girls. Gestation and sex-specific birth weight SDS (range: Ҁ3.31 to 3.47) were comparable with the British 1990 reference for both sexes.
Boys and girls in this dataset were taller, heavier, and had higher BMIs than the British 1990 reference. Compared with reference data (in the form of SDS), both sexes also had higher waist circumferences. Girls also had higher waist circumference SDS than did boys. In the subgroup analysis (data not shown), this difference was significant only in pubertal subjects. In general, boys had lower FMI and higher FFMI (both total and regional) than did girls. Because body composition differed according to sex with a significant interaction between birth weight and sex in predicting BMI, waist circumference, FFMI, trunk FFMI, and limb FFMI (P for interaction 0.03, 0.04, 0.01, 0.01, and 0.03, respectively), all subsequent analyses were performed separately for boys and girls. There were no sex differences in confounders (parental BMI, ethnicity, pubertal status, physical activity, and social class) between boys and girls.
Relation of potential confounders with body-composition outcomes
We examined associations between each potential confounding factor and both birth weight and later body-composition variables (Table A1 in Appendix A). Maternal BMI was positively associated with birth weight SDS. A lower social class was related to lower birth weight SDS in girls only. These findings are important because maternal BMI and social class were also related to later body-composition outcomes.
Puberty showed a significant negative correlation with FMI SDS in boys and a significant positive association with FFMI SDS in girls. Physical activity was significantly negatively associated with FMI in both sexes and positively associated with FFMI in girls. Social class also showed a significant association with FMI in boys (tendency for greater fatness with lower social class) and with FFMI in girls (tendency for higher FFMI with lower social class). Maternal BMI had a stronger positive correlation with offspring FMI and FFMI than did paternal BMI, for which the relation was significant only in boys. We adjusted for these confounders in subsequent multiple regression analyses.
Birth weight and later body size and composition
The results of multiple regression analyses are shown in Table  2 (unadjusted models) and Table 3 (adjusted models). Birth weight was positively associated with later height in both sexes; at any given age, a 1-SDS increase in birth weight corresponded with 0.20 and 0.25 SDS increases in later height (after adjustment for confounders) in boys and girls, respectively (95% CI: 0.06 -0.34 for boys, 0.09 -0.41 for girls). However, this association was attenuated substantially and was no longer statistically significant (P ҃ 0.051 and 0.07) if parental height was used instead of parental BMI (data not shown). Birth weight SDS positively predicted later BMI SDS only in boys; a 1-SDS increase in birth weight predicted a 0.20-SDS increase (95% CI: 0.02-0.38) in later BMI after adjustment for potential confounders.
The relation between birth weight and later FFMI differed according to sex (P for interaction ҃ 0.01), with a positive association in boys, equivalent to around a 0.18-SDS increase (95% CI: 0.04, 0.32) in FFMI per 1-SDS increase in birth weight. The relation was unaffected by adjustment for confounders. In girls, there was no association. The association between birth weight and regional FFMI from DXA (trunk and limb FFMI) was consistent with the findings for total FFMI from the 4C model in both sexes. The proportion of the variance in later FFMI explained by birth weight was small (Ȃ3%) but comparable with that explained by maternal BMI (2%), paternal BMI (4.1%), or current activity level (3%) in a multivariate model.
Birth weight was not significantly related to FMI or percentage fat (expressed as an SD score) in either sex, and there was no evidence that the associations for FMI differed between boys and girls (P for interaction ҃ 0.6). There was also no significant association between birth weight and absolute percentage fat in either sex, either unadjusted or after adjustment for confounders (girls, P ҃ 0.8; boys, P ҃ 0.3). 
Birth weight and fat distribution
Regression analyses of different proxies for fat distribution on birth weight SDS are shown in Table 2 . In boys, there was a positive association between birth weight and waist circumference; equivalent to around a 0.20-SDS increase (95% CI: 0.04, 0.36) in waist circumference per 1-SDS increase in birth weight. This association remained in the same direction but was attenuated after FMI SDS was added to the model. There was also a positive association between birth weight and trunk FMI that became nonsignificant after adjustment for nontrunk (limb) FMI. As shown in Table 3 (adjusted model), these associations were substantially attenuated and became nonsignificant after adjustment for relevant confounders. In girls, birth weight was not associated with either waist circumference or trunk FMI in any of the models.
Effects of pubertal status
There was no statistically significant interaction between birth weight and pubertal status in predicting any of the bodycomposition outcomes. However, subgroup analyses in boys showed a significant positive association between birth weight SDS and FFMI in prepubertal boys (n ҃ 87), whereas the relation was not significant in early or late pubertal boys (n ҃ 100) (data not shown). In prepubertal boys (n ҃ 87), birth weight was also negatively associated with percentage fat, although only after adjustment for BMI and other confounding factors (␤ ҃ Ҁ0.9, P ҃ 0.047). There was no such association in prepubertal girls.
Effects of using different body-composition measurement techniques
Because most published studies have used 2C techniques, typically skinfold-thickness equations and DXA, to determine body composition in later life, we repeated the same analyses within our dataset by using FM and FFM derived from DXA and from the skinfold-thickness equation of Slaughter et al (35) .
There was a significant positive association between birth weight and FFMI in boys that remained after adjustment for confounders and no association in girls, which is consistent with results from the 4C model. However, using data from these 2C methods, there was also a trend for a positive relation between birth weight and FM in boys that became nonsignificant after adjustment for confounders (see Table A2 in Appendix A).
DISCUSSION
We showed that higher birth weight was associated with greater height in both sexes and with higher BMI in boys. Higher birth weight was also associated with higher FFMI in boys but not girls; this association was seen from childhood to young adulthood but was more prominent in prepubertal boys. Associations were independent of current body size, age, pubertal stage, physical activity, social class, ethnicity, and parental BMI. The proportion of variance in later FFMI explained by birth weight was small, but comparable with that explained by parental BMI or current activity level. Although the sample size in our study was not comparable with that in larger epidemiologic studies, the main strength of our study was the use of the 4C model, which provided the most accurate body-composition measurements possible and showed some important points regarding the interpretation of such data.
The finding that birth weight is positively associated with measures of later FFM is supported by several studies [see a recent review (36) ]. In contrast, the relation between birth weight and FM in published studies is less consistent, with several reporting a negative association between birth weight and proxies of fatness only after adjustment for current body size (weight or BMI) (13, 16, 17, 36) . The only previous study to examine relations between birth weight and later body composition using the 4C model (17) reported a negative association between birth weight and percentage fat in prepubertal children, both with and without adjustment for confounders. For comparison, we also presented data on percentage fat and found no significant association with birth weight in the whole cohort, although our subgroup analysis in prepubertal boys showed a negative association, albeit only after adjustment for confounders, including BMI. However, as discussed elsewhere (32), we consider height to be a more appropriate parameter for size adjustment than weight (or measures derived from weight such as percentage body fat); the latter precludes individual consideration of fat and lean mass because one is the inverse of the other. A negative association between birth weight and later percentage fat or FM adjusted for weight or BMI could be interpreted as indicating that a lower birth weight is associated with either higher FM or lower FFM in later life, because a lower FFM with the same FM would result in higher percentage fat. In our dataset, when we used height to adjust for body size (without adjustment for later weight or BMI), there was no significant relation between birth weight and FM.
Interestingly, the previous study (17) that used the 4C model also reported that, with adjustment for age, sex, weight, and height, birth weight was significantly positively related to later FFM, but there was no significant association with later FM. Although not emphasized in the discussion, this is consistent with our own findings.
Most studies looking at the relation between birth weight and later central fat distribution used subscapular skinfold thickness, the subscapular-to-triceps ratio, waist circumference, or waistto-hip ratio and reported a negative association after adjustment for current weight or BMI (36) . This finding has generally been interpreted as indicating the programming of later central adiposity by low birth weight. However, alternative explanations are that postnatal growth or the prenatal constraint of growth (indicated by low birth weight) interacting with rapid postnatal growth, predict later central fatness. Moreover, we argued previously that the skinfold thickness ratio or waist-to-hip ratio may not be appropriate parameters for assessing relative fat distribution because of poor statistical validity (36, 37) .
We found a positive relation between birth weight SDS and later waist circumference (but not trunk FM) in boys both before and after adjustment for total FMI, which seems counterintuitive. Waist circumference is a good indicator of metabolic risk in adults and children (38) but it is not a direct measure of visceral adipose tissue, the best predictor of the metabolic syndrome. Our interpretation of this finding is therefore that, among adolescent boys with the same height and total FM, those with a higher birth weight have a greater waist circumference partly because they have more trunk FFM, which may track from birth. Results from the limited number of studies that have investigated this issue using direct measures of central fatness (from DXA or CT) are inconsistent (4, 10, 39) . This issue is difficult to resolve because of the lack of a valid method for measuring central fat distribution in large populations.
Effects of using different body-composition measurement techniques
In larger studies, anthropometry has been used to derive body fat from skinfold-thickness measurements. More recently, DXA has been used to assess body composition in children. Both methods involve several assumptions. We showed that if DXA or skinfold-thickness equation-derived FM was used in the analysis, there was a weak positive association between birth weight and FM that was not apparent when using data from the 4C model. However, our main finding of an association between birth weight and FFMI in boys did not change with the use of different body-composition techniques. The 4C model requires relatively complex measurements and specialized equipment and is therefore more difficult, expensive, and time-consuming to perform. In practice, one needs to consider the relative benefits of a small study with very accurate measurements and a larger study with simpler measurements. However, it is important to appreciate the limitations and assumptions of each bodycomposition technique used when interpreting the results. The validation of field methods against a more accurate method and the use of assumptions suitable for the population of interest are essential (40) .
Sex differences in the relation between birth weight and body composition
An interaction between sex and birth weight in predicting later body composition is not well established. Few studies in prepubertal children considered males and females separately. In the ALSPAC cohort (10) , the association between birth weight and FM or trunk FM did not differ by sex. However, there was an interaction between sex and birth size (ponderal index) in predicting FFM (P ҃ 0.04), with a larger effect on lean mass in boys, which is consistent with our findings. A few studies have been conducted in adolescents, when sex differences in body composition are expected to be more pronounced. Singhal et al (12) found a positive association between birth weight and FFMI in both sexes. However, Labayen et al (13) reported a significant interaction between sex and birth SDS in predicting later FFM in 234 Spanish adolescents, with an association only in girls.
Mechanism for the programming of later FFM
There are several plausible explanations for the observed association between birth weight and later FFMI. In humans, the number of muscle fibers is set before birth (41) with little hyperplasia during postnatal life. Fetal growth constraint could result in lower insulin-like growth factor-I with compromised muscle growth and skeletal length in utero (42) . There is indeed some evidence that small for gestational age infants show a larger deficit in lean mass (by DXA) than in FM (43) , which might then persist into later life. It could also be argued that fetal muscle and skeletal growth is determined (at least in part) by an individual's genetic potential (44 -46) and that this is responsible for the relation with later FFMI. This hypothesis cannot, however, explain the association between the intrapair difference in birth weight of monozygotic twins and later FFM described by Loos et al (14, 15) . We propose that the programming of FFM involves insults or stimuli in fetal life, and to a lesser extent, early postnatal life. Catalano et al (46) reported that male neonates had higher FFM than females, which corresponds with the well-recognized sex differences in body composition during adolescence and adult life. This could also explain why the relation between birth weight and FFM was more obvious in boys.
Study limitations
Birth weights in our cohort were representative of the 1990 UK reference population, whereas, consistent with the secular trend in the United Kingdom, our subjects were taller and heavier than average at follow-up. At the time, 81 subjects (20.7%) were overweight and 17 (4.3%) were obese according to the International Obesity Task Force cutoff for BMI (47) . Our findings should therefore be generalizable to similar contemporary populations. Our body-composition outcomes were measured over a wide range of age and stages of pubertal maturation, but we expressed body-composition variables as age-and sex-specific SDS, and our results did not change after adjustment for pubertal maturation in the models. The use of birth weight as a proxy for prenatal growth has some limitations for the study of bodycomposition programming. There is some evidence, for example, that body composition at birth may vary even when birth weight is the same and within the normal range (46). Yajnik et al (48) showed that Indian babies have a more adipose body composition despite being "small and thin" relative to UK infants.
In conclusion, our data suggest that FFMI in later life in males is influenced by birth weight, which is a proxy for prenatal growth; whereas the evidence for programming of later FM or central fat distribution by birth weight is not strong. A study with measurements of body composition at birth in relation to later outcomes might help to clarify the mechanisms underlying our observations. Body-composition measurement techniques and the methods used for data interpretation can influence results and should be considered when comparing studies.
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APPENDIX A TABLE A1
Correlations (r) between potential confounders and birth weight and body-composition outcomes (SDS form) Puberty was coded as: 1 ҃ prepubertal, 2 ҃ early pubertal, 3 ҃ late pubertal. Physical activity was coded as: 2 ҃ much less or less active than peers, 3 ҃ same as peers, 4 ҃ more active than peers, 5 ҃ much more active than peers. Social class ranged from 1, which is the highest, to ͧ4, which is the lower social class. n ҃ 181 boys and 192 girls for maternal BMI; n ҃ 166 boys and 175 girls for paternal BMI. 2 From multiple regression analysis, each row represents a different model with body size or BC variables in the left hand column as a dependent variable; birth weight SDS was an independent variable. ␤ ҃ the coefficient of birth weight SDS, ie, the change in current body size or BC per birth weight SDS; boldface P values indicate significant at P 0.05; r 2 ҃ coefficient of determination (calculated from partial r of birth weight SDS). 3 From multiple regression analysis, each row represents a different model with body size or BC variables in the left hand column as a dependent variable; birth weight SDS was an independent variable and puberty, physical activity, social class, ethnicity, and parental BMI were covariates. Minimum n ҃ 166 and 172 for boys and girls, respectively, because of missing data for paternal BMI.
4 DXA FFM ҃ fat-free soft tissue ѿ bone mineral content. 5 FM and FFM was calculated from the SF equation of Slaughter et al (35) . 
